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COLLOIDAL ARSENIC IN POULTRY-LITTER AMENDED SOILS 
 
 
Lisa Y. Blue, Jared Daugherty, Shaun Masters, David A. Atwood 
Department of Chemistry 
University of Kentucky 
Lexington, KY 40506 
859-257-7304 
datwood@uky.edu 
 
 
Large amounts of organo-arsenicals such as roxarsone (3-nitro-4-
hydroxyphenylarsonic acid) are used in the poultry industry to control coccidial intestinal 
parasites, improve feed efficiency, and accelerate growth.  In 2000, 70% of the chickens in 
the United States (5.8 billion animals) consumed 45.4 g of roxarsone per ton of feed.  
Over the lifetime of a single chicken, this results in the excretion of 150 mg of arsenic.  At 
present, approximately 400 chicken houses operate in McLean County, each producing 
150 tons of poultry litter annually.  The poultry litter, comprised principally of wood chips 
and excrement, is applied to nearby agricultural fields as fertilizer.  A preliminary analysis 
of several Karnak soils from this region revealed the presence of 38 – 90 ppb As.  A litter 
sample that had aged for several weeks open to the air contained 34 ppb As. 
 
In laboratory soil column elution studies it was found that clear, filtered (0.2 µm) 
water contained no detectable As by GFAAS.  Appreciable As, 8-30 ppb, was only found 
in cloudy samples that were coarsely filtered (0.45 µm).  Thus, the As eluting from the soil 
columns was always associated with suspended or colloidal soil particles in the water.  
The metals, Cd, Pb, Hg and Ni were present in low ppm levels (~0.2 ppm), if at all.  The 
Mg and Ca levels were ~ 20 ppm.  Clear water samples from field runoff were obtained 
and found to contain less than 5 ppb As.  
 
This project will integrate the analysis of poultry-amended soil for arsenic from 
McClean County, KY, with the potential implementation of a continuous monitoring 
system for arsenic and the development of a system for removing arsenic if the effluent 
water proves to be contaminated.  This presentation will provide details of the preliminary 
study on McClean soils, a description of the real-time monitoring technology, and 
potential remediation strategies that might be employed. 
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ENVIRONMENTAL MONITORING AND ASSESSMENT OF ARSENIC METAL IN 
GROUNDWATER SAMPLES FROM BALLARD, CARLISLE, AND GRAVES 
COUNTIES, KENTUCKY 
 
L.L. Blackketter and H.B. Fannin 
Department of Chemistry 
Murray State University 
 Murray, KY  42071 
270 809 2584 
harry.fannin@murraystate.edu 
 
E. Glynn Beck and Daniel Kotter 
Kentucky Geological Survey 
1401 Corporate Court 
Henderson, KY 42420 
270-827-3414 ext. 23 
 
 The infiltration of contaminants into groundwater wells is a concern, especially to 
individuals who rely on wells as a source of potable water; therefore it is important to 
monitor groundwater in order to determine the concentrations of chemicals present and to 
protect the population from being exposed to harmful contaminants.  Arsenic is a 
particularly harmful element that is added to poultry feed, in the form of roxarsone, to 
control coccidial parasites.  Groundwater was sampled in Graves, Ballard, and Carlisle 
counties in western Kentucky, where poultry houses are abundant.  The poultry litter is 
used as fertilizer in each of the three counties.  Approximately 110 samples were 
analyzed for arsenic using graphite furnace atomic absorption spectroscopy (GFAAS) at 
the University of Kentucky’s Environmental Research and Training Laboratory (ERTL).    
All samples analyzed were below the MCL of 10 ppb As, which indicates that arsenic 
from poultry litter has not yet infiltrated the groundwater. 
  
 In addition to the arsenic analysis, the concentrations of twenty-four other metals 
were determined by inductively coupled plasma atomic emission spectroscopy (ICP-
AES) at ERTL and MSU.  Analytes in this study were Al, Ba, Be, Ca, Cd, Co, Cr, Cu, 
Fe, K, Mg, Mn, Mo, Na, Ni, Sb, Si, Sr, Ti, Tl, V, and Zn.  Lead and selenium were 
analyzed using GFAAS.  Sites chosen for analysis are representative of the geological 
formations that are present in the three counties.  The concentrations of the metals were 
compared with their respective maximum concentration limits (MCLs).  Additionally, the 
statistical correlations between metal concentrations and sample site variables, such as 
well depth and geological formation, were examined. 
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ENVIRONMENTAL MONITORING AND ASSESSMENT OF THE 
GROUNDWATER QUALITY IN CALLOWAY COUNTY, KENTUCKY  
 
Dan Kotter1, E. Glynn Beck1*, Paul Doss2, Sandra Thompson3, Harry Fannin3,  
(1) Kentucky Geological Survey, 1401 Corporate Court, Henderson, KY 42420,  
270-827-3414 ext. 23, ebeck@uky.edu, (2) Department of Geology and Physics, 
University of Southern Indiana, 8600 University Boulevard, Evansville, IN 47712-3596,  
(3) Department of Chemistry, Murray State University, Murray, KY 42071 
 
 
Two EPSCoR (Experimental Program to Stimulate Competitive Research) 
projects were conducted in 2006 to assess the general groundwater quality of Calloway 
County, Jackson Purchase Region, Kentucky.  Working with researchers from the 
Kentucky Geological Survey (KGS), 56 domestic water wells were identified for 
sampling.  Sandra Thompson (undergraduate student) and Dr. Harry Fannin (Murray 
State University) sampled the 56 wells for metals.  In conjunction with Thompson and 
Fannin’s sampling, Daniel Kotter (undergraduate student) and Dr. Paul Doss (Southern 
Indiana University) sampled the same wells for anions. 
   
In Calloway County groundwater is derived from 4 distinct aquifers, a 
Mississippian limestone (Fort Payne and Warsaw Formations), Cretaceous sand 
(McNairy Formation), Tertiary sand (Claiborne Formation), and Quaternary gravel 
(continental gravel deposits).  Fifty-six water wells (bored and drilled) were randomly 
selected throughout the county and sampled from outside faucets.  Samples were 
analyzed by Thompson and Kotter for major anions and metals using ion 
chromatography, inductively coupled plasma atomic emission spectroscopy, and graphite 
furnace atomic absorption spectroscopy at the University of Kentucky’s Environmental 
Research and Training Laboratory (ERTL).  Alkalinity titrations were performed at the 
KGS Environmental Laboratory.  Statistical analyses were performed to identify trends 
and relationships between groundwater quality data, hydrogeology, land use, well type 
(bored and drilled) and well depth. 
 
All of the anion and metal concentrations were below U.S. EPA Maximum 
Contaminant Levels (MCL), except for nitrate-nitrogen (nitrate-N). Nitrate-N 
concentrations were above the MCL of 10 mg/L in 4 of the 56 wells sampled.  Twenty-
nine of the 56 wells contained groundwater with nitrate-N concentrations above 
background (2 mg/L).  Nitrogen isotope data collected by KGS researchers indicate that 
elevated nitrate-N concentrations stem from 4 major sources; septic tank effluent, 
livestock manure, synthetic fertilizers and soil organic nitrogen.  
 
Major ionic species were plotted on a Piper diagram to determine general 
groundwater chemistry.  Groundwater type ranges from calcium and bicarbonate rich to 
alkali and chloride rich.  The wide range in groundwater chemistry is likely due to 
differences in aquifer composition, depth of water table, and local land use practices. 
 
 
 20
NOTES 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
 21
LAND-USE EFFECTS ON WATER QUALITY WITHIN LOWER HOWARD 
CREEK WATERHSED, SOUTHWESTERN CLARK COUNTY, KENTUCKY  
 
 
1Shannon D. Daugherty  
2James S. Dinger 
1. Department of Earth & Environmental Sciences, University of Kentucky, 
Lexington, KY  
(859) 257-3758 
2. Kentucky Geological Survey, University of Kentucky, Lexington, KY 
(859) 257-5500 x 163  
 
 
 Lower Howard Creek has been on the Kentucky 303(d) list of impaired 
watersheds since 1998 due to nutrient enrichment and low dissolved oxygen.  The 
causes named for this impairment were agricultural grazing and 
‘hydromodification.’   In an attempt to show the extent of agricultural impact on 
the watershed, land use was estimated for segments of the stream representing 
contrasting land-usage, and comparisons were made to the quality of samples 
taken at these sites.  This study investigated general water-quality parameters and 
microbial concentrations in LHC watershed.   
 
 Samples were collected from six sites for two sampling sets, and tested for 
Escherichia coli concentration with additional analysis done by ratio of atypical to 
total coliform bacteria (AC/TC) in an attempt to determine age and primary input 
of fecal contamination.  E. coli were sufficiently below the maximum 
concentration level of 1000 CFU/100 mL for secondary-contact recreational 
waters required by the U.S. Environmental Protection Agency.  The highest 
concentration obtained from the two sampling sets was 44.8 CFU/100 mL, which 
was collected below the Winchester water-supply reservoir.    Standard measured 
parameters of electrical conductivity, turbidity, total suspended solids, alkalinity, 
and pH were also within limits satisfactory to U.S. EPA for secondary contact 
recreational waters.   
 
The AC/TC ratio indicated the presence of freshly input fecal 
contamination throughout the stream but the source of this contamination was not 
identified.  Comparing the two sampling runs, conflicting results were found 
relating AC/TC ratio and source type, namely agricultural activity versus urban 
sources.  The upper reaches of Lower Howard Creek are dominated by urban 
runoff, which collects in the water supply reservoir.  West Fork and Deep Creek 
tributaries to Lower Howard Creek are dominated by agricultural land use, 
principally pasture land.  Possible reasons for variability in results from the two 
sampling runs include unobserved land use activity, recharge events, and variation 
in stream flow.   
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 Unobserved land use activity could include agricultural activity and/or 
illegal dumping of sewage, both of which would add nutrients and bacteria to the 
stream.  Without daily observation of the watershed, such activities would be 
difficult to evaluate.  No precipitation occurred during either of the sampling runs, 
therefore, recharge is not assumed to have contributed to the fluctuation of the 
AC/TC ratio.  However, there was a decrease in stream flow between sample run 
1 and sample run 2.  This was most likely due to a period of freezing 
temperatures, which froze first-order tributary input to Lower Howard Creek.  
Therefore, we conclude that the most probable explanation for variation in AC/TC 
ratio is related to stream flow conditions.   
 
It is important to note that although all samples analyzed were within 
limits required by the U.S. EPA, this study cannot be considered a comprehensive 
analysis of the health of the Lower Howard Creek watershed.  Our results indicate 
that a complex stream system entailing diverse land uses, such as Lower Howard 
Creek, would require detailed observation concerning immediate land use that 
effect water quality.      
 
